Matrix metalloproteinases (MMPs) are induced from host tissues in response to Borrelia burgdorferi. Upregulation of MMPs may play a role in the dissemination of the organism through extracellular matrix tissues, but it can also result in destructive pathology. Although mice are a well-accepted model for Lyme arthritis, there are significant differences compared to human disease. We sought to determine whether MMP expression could account for some of these differences. MMP expression patterns following B. burgdorferi infection were analyzed in primary human chondrocytes, synovial fluid samples from patients with Lyme arthritis, and cartilage tissue from Lyme arthritis-susceptible and -resistant mice by using a gene array, 
Borrelia burgdorferi is the causative agent of Lyme disease (39) . It has been previously shown that B. burgdorferi does not produce exported proteases capable of digesting extracellular matrix proteins (17, 25) . Instead, it appears to utilize proteases from its mammalian hosts to degrade extracellular matrix proteins, which allows it to disseminate. Previous studies have shown that B. burgdorferi binds host plasminogen and its activator urokinase and is able to induce production of matrix metalloproteases (MMPs), which are activated by bound plasmin (19, 22) .
Human Lyme arthritis is an oligoarticular arthritis that develops late in the course of infection (39) . Left untreated, B. burgdorferi infection can eventually lead to the development of an erosive arthritis with histopathologic similarities to rheumatoid arthritis (40) . Studies in patients with rheumatoid arthritis have shown that an imbalance in the production of MMPs is likely to be responsible for degradation of the articular cartilage in such patients (15, 20) . Among the MMPs which have been suggested to participate in cartilage degradation in patients with rheumatoid arthritis are collagenases (MMP-1, -8, and -13), stromelysins (MMP-3, -10, and -11), and gelatinases (MMP-2 and -9) (38) . Lin et al. have shown that the levels of MMP-1 and MMP-3 are elevated in the synovial fluid of patients with Lyme arthritis (27) . The levels of MMP-1 and -3 are also elevated in in vitro models of Lyme arthritis, and MMP inhibition blocks cartilage degradation caused by infection with B. burgdorferi in these models (22, 27) .
A full description of MMPs expressed in Lyme arthritis has not previously been reported. We were interested in whether the specific pattern of MMPs expressed in response to B. burgdorferi infection may affect the phenotypic expression of disease and explain differences between Lyme arthritis and rheumatoid arthritis and between human Lyme arthritis and animal models of the disease. Mice provide a well-accepted model of Lyme arthritis. However, interestingly, only certain strains of mice develop significant arthritis in response to B. burgdorferi infection, while other strains develop only mild or no arthritis (6, 7, 10, 41, 48) . In this study, we report our findings for B. burgdorferi-induced MMP expression from chondrocytes grown in vitro, from human synovial fluid, and in cartilage obtained from arthritis-susceptible and -resistant strains of mice.
MATERIALS AND METHODS
Mice and B. burgdorferi infection. C3H/HeN, C57BL/6, and BALB/c mice were purchased from Charles River Laboratories (Wilmington, Mass.) and Taconic (Germantown, N.Y.). The procedures used were reviewed and approved by the Tufts University Institutional Animal Care and Use Committee. Five-day-old mice were infected intradermally by needle inoculation with 1 ϫ 10 4 B. burgdorferi strain N40 cells per mouse and were sacrificed 2 weeks postinfection. Cartilage was microdissected from the ankle joints by using a stereomicroscope, and total RNA was isolated by using Trizol (Invitrogen, Carlsbad, Calif.) according to the manufacturer's protocol. Successful infection of individual mice was confirmed by culturing ear samples in Barbour-Stoenner-Kelly medium and monitoring the growth of B. burgdorferi by dark-field microscopy.
Patients. Synovial fluid was obtained from 18 patients with untreated Lyme arthritis and 15 patients with persistent Lyme arthritis after antibiotic therapy.
The samples used have been previously described (27, 28) . The conduct of this study was reviewed and approved by the Tufts-New England Medical Center Investigational Review Board. All patients were infected in the northeastern United States. All patients had oligoarticular arthritis involving one or both knees. All patients in both groups met the Centers for Disease Control clinical criteria for the diagnosis of Lyme disease. They had mono-or oligoarticular arthritis affecting at least one knee accompanied by a positive immunoglobulin G Western blot test for Lyme disease interpreted according to the CDC/ASTPHLD criteria (2) . All 18 patients with untreated Lyme arthritis had a positive PCR test for B. burgdorferi DNA in synovial fluid, performed as described by Nocton et al. (32) . All 15 synovial fluids from patients with persistent Lyme arthritis tested negative for B. burgdorferi DNA by PCR. The mean durations of symptoms at the time of sample collection were 2.2 years for the untreated group (range, 6 months to 6 years) and 1.7 years for the posttreatment group (range, 3 months to 6 years). All patients in the posttreatment group received at least 4 weeks of treatment with an antibiotic active against B. burgdorferi (the median number of courses of antibiotic was two). Samples were obtained after patients had completed their courses of antibiotics. All specimens were divided into aliquots and stored at Ϫ70°C until use.
cDNA microarray. Total RNA was extracted from tissues or cells by using Trizol (Invitrogen) according to the manufacturer's instructions. Total RNAs were reverse transcribed to incorporate biotin-16-dUTP (Roche, Indianapolis, Ind.) in order to prepare labeled cDNA probes. Prehybridization and hybridization were carried out according to the manufacturer's recommendations by using a human and mouse GE array kit (Superarray Bioscience, Frederick, Md.), followed by chemiluminescent detection to detect bound probe on specific cDNAs and to determine the intensity. Images were scanned from the X-ray film, processed, and converted to numerical values by using the ScanAlyze software. The data were analyzed by using GEArray Analyzer (Superarray Bioscience). The human gene array contained oligonucleotides to detect MMP-1, -2, -3, -7, -8, Quantitative reverse transcriptase PCR. Total RNA was purified by using Trizol (Invitrogen) according to the manufacturer' instructions. First-strand synthesis of cDNA from total RNA was performed by using Improm II reverse transcriptase (Promega, Madison, Wis.) according to the manufacturer' instructions. Control reactions performed in the absence of reverse transcriptase were used to control for contamination by genomic DNA. cDNA samples contaminated by genomic DNA were discarded, and the original RNA was treated with DNase before the reverse transcriptase reaction was repeated. Quantitation of cDNA from specific mRNA transcripts was accomplished by real-time quantitative reverse transcriptase PCR (RT-PCR) (ABI7700; Applied Biosystems, Foster City, Calif.) by using SYBR Green technology (Quantitect Sybr Green PCR kit; QIAGEN) as previously described (13, 46) . The primers used are listed in Table 1 .
Primary cultures of human chondrocytes and infection with B. burgdorferi. Primary human chondrocytes (HCs) from a healthy donor were purchased from Cell Applications (San Diego, Calif.) and were maintained in chondrocyte growth medium (Cell Applications) containing 10% fetal calf serum (FCS) at 37°C with 5% CO 2 . One day prior to infection, HCs were washed, and the culture medium was replaced with chondrocyte medium without FCS. A low-passage (passage 4 to 7) clonal isolate of B. burgdorferi sensu stricto, strain N40, was cultured in Barbour-Stoenner-Kelly medium (5, 23) . Spirochetes were washed three times and resuspended in chondrocyte medium without FCS. Cell cultures at 70 to 85% confluence were infected with B. burgdorferi at a ratio of cells to spirochetes of 1:10 for various times. Cells were washed and harvested in cold phosphate-buffered saline, and the cell pellets were stored at Ϫ70°C until use.
ELISAs. MMP-10, MMP-13, and TIMP-1 were detected in synovial fluid and in human chondrocyte culture extracts in culture medium by using enzymelinked immunosorbent assay (ELISA) kits obtained from R & D Systems (Minneapolis, Minn.) and used according to the manufacturer's instructions.
Immunohistochemistry. To examine MMP-3 expression, slides were immunostained with anti-mouse MMP-3 monoclonal antibody (R & D Systems). Briefly, tissues were fixed in Bowen's fixative for 24 h and then placed in 70% ethanol. The hind legs were skinned, split in half longitudinally in the center, processed for decalcification, and finally embedded in paraffin. The slides were processed 
a F, forward; R, reverse.
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and immunostained by the Histology Core Facility at New England Medical Center as previously described (30) . Statistical analysis. Experiments were repeated three to five times as indicated below. The statistical significance between groups was analyzed by using the nonparametric Mann-Whitney U test. Differences were considered statistically significant when the P value was equal to or less than 0.05.
RESULTS

Pattern of MMP induction following B. burgdorferi infection in human chondrocytes.
Although the roles of specific MMPs (MMP-1, -3, -8, and -9) in Lyme arthritis have been examined, the full range of MMPs that are induced in response to infection with B. burgdorferi has not previously been reported. In order to establish the pattern of MMP expression in HC following B. burgdorferi infection, primary chondrocytes were incubated with B. burgdorferi or sham incubated for 72 h. After preparation of total RNA and conversion to cDNA, changes in gene transcription were measured by using a gene array (Fig.  1A) , which contained oligonucleotides to detect 18 MMPs and four TIMPs. Data for genes whose levels were found to be elevated in the array were subsequently confirmed by using real-time RT-PCR (Fig. 1B) . The findings of real-time RT-PCR correlated well with the findings obtained with the gene array. Consistent with previously reported studies, the levels of both MMP-1 and MMP-3 were significantly elevated (P Ͻ 0.05) in the presence of B. burgdorferi. The levels of MMP-10 (elevated 48-fold; P Յ 0.05) and MMP-13 (elevated 28-fold; P Յ 0.05) and, to a lesser degree, the levels of MMP-19 (elevated 3.3. fold; P Յ 0.05) and TIMP-1 (elevated 2.9-fold; P Յ 0.05) were also significantly elevated in the presence of B. burgdorferi.
It has been shown previously that the production of MMP-1 and MMP-3, as measured by ELISA, closely paralleled the increases in gene transcription with B. burgdorferi incubation (13) . To determine whether increases in the levels of gene transcripts also resulted in increases in protein expression for the remaining MMPs, we performed ELISAs for MMP-10, MMP-13, and TIMP-1 (Fig. 1C) . Commercially prepared ELISAs for MMP-19 are not currently available. The data for induction of MMP-13 paralleled the RT-PCR data, with an increase from undetectable to a concentration of more than 800 ng/ml, and the level peaked at 72 h. Only small increases in the amounts of MMP-10 and TIMP-1 (Ͻ30 and Ͻ 8%, respec- tively, at the peak) were seen, and these amounts decreased to the baseline levels by 96 h. These values did not correlate well with the 48-fold and ϳ3-fold induction of MMP-10 and TIMP-1 determined by RT-PCR, suggesting that there was posttranscriptional control for expression of these proteins.
Cell type specificity of MMP induction by B. burgdorferi. To determine the specificity of MMP induction by B. burgdorferi for HC, we also performed experiments using other primary cell cultures. We examined primary human dermal fibroblasts, which may contact B. burgdorferi during the initial entry into the body, and primary human pulmonary artery smooth muscle cells, which are found in an area where no pathology has been reported in Lyme disease. Neither of these cell lines showed induction of any MMP as determined by gene array analysis, nor was any of the MMPs induced from chondrocytes as determined by real-time RT-PCR (data not shown).
Expression of MMPs from synovial fluids of patients with treated and untreated Lyme arthritis. We examined synovial fluid from 19 patients with untreated Lyme arthritis and 27 patients with persistent Lyme arthritis after antibiotic therapy for the presence of MMP-10, MMP-13, MMP-19, and TIMP-1, which were found to be induced from chondrocytes incubated with B. burgdorferi. Because it is not possible to obtain normal synovial fluid, which is present in only minute amounts in healthy joints, we compared the amounts of different MMPs in patients with untreated and treated Lyme arthritis. Patients with untreated Lyme arthritis had higher burdens of B. burgdorferi, as detected by PCR for B. burgdorferi DNA. Synovial fluid samples from antibiotic-treated Lyme arthritis patients with persistent arthritis were all PCR negative for B. burgdorferi DNA. These samples had previously been used to study expression of MMP-1, MMP-3, MMP-8, and MMP-9 in Lyme arthritis (27) . We used commercial ELISA kits for detecting MMP-10, MMP-13, and TIMP-1. Consistent with the ELISA data from the human chondrocyte studies, no differences were seen in the levels of MMP-10 or TIMP-1 in the synovial fluids of patients with untreated or persistent arthritis (Fig. 2) . Due to specimen availability, ELISAs for MMP-13 could be performed only at dilutions higher than the recommended dilutions, and the levels were undetectable for all patients. The MMP-19 levels were compared by Western blotting. MMP-19 is secreted as a 58-kDa zymogen. The enzyme is rapidly activated to a 55-kDa form, to a 45-to 47-kDa form, and then finally to the active 28-kDa form. By Western blotting, we did not detect either the 58-kDa zymogen or the 55-kDa form in any patient. We did detect a strong band corresponding to the active 28-kDa form in 78% of the untreated Lyme arthritis patients; in only 22% of the patients with persistent Lyme arthritis was active MMP-19 detectable at the level seen in untreated patients, and another 33% of the patients had very weakly detectable enzyme. A strong 45-to 47-kDa band was detected for 56% of the untreated Lyme arthritis patients, but this band was not detected for any of the patients in the persistent Lyme arthritis group. Thus, a substantially higher proportion of patients with untreated Lyme arthritis than with persistent Lyme arthritis had evidence of either the active 28-kDa form or the intermediate 45-to 47-kDa form of MMP-19.
Induction of MMPs in murine cartilage. Mice are a commonly utilized animal model for Lyme arthritis. However, there are notable differences between mouse Lyme arthritis and human Lyme arthritis. Although all mice can be infected with B. burgdorferi, only certain inbred strains of mice develop significant arthritis. Furthermore, even strains of mice that develop arthritis typically resolve their arthritis after 8 to 12 weeks, and there are few long-term sequelae. In order to determine whether differences in MMP expression may play a role in the development of arthritis in the murine model of Lyme disease, we examined the joints of a highly arthritissusceptible strain of mice, C3H/HeN, for MMP expression. Because the amount of cartilage decreases with age, mice were infected at a very young age (Ͻ1 week) to maximize the amount of cartilage present at the time of sacrifice and to allow separation of cartilage tissue from bone and surrounding synovial tissue. Mice were infected with B. burgdorferi or sham infected by needle injection. By 2 weeks, the B. burgdorferiinfected mice were clearly distinguishable from the sham-infected mice by grossly visible swelling of the ankle joints. As the young mice were still growing, it was not possible to accurately determine changes in ankle diameter related to infection. After 2 weeks, the mice were sacrificed. One ankle joint was used for histological examination, and the other was utilized for RNA extraction. The histology of joints in C3H/HeN mice infected with B. burgdorferi has been described well previously. The results of the histological examination of joints from our B. burgdorferi-infected mice were consistent with prior reports (7). All infected mice showed moderate to severe synovitis with thickening of the synovial lining, inflammatory infiltration, and pockets of neo-bone formation. No cartilage degradation was seen in any of the infected mice. For RNA extraction, the joints were microdissected to separate cartilage from synovial tissue. Total RNA was extracted from the tissue, and the levels of gene transcription were measured by using a commercial gene array containing oligonucleotides for 22 mouse MMPs and TIMPs. All genes which showed a threefold or greater difference in expression as determined by the gene array were confirmed by real-time RT-PCR. No increase in expression of any MMP or TIMP was seen with synovial tissue fractions of our samples. In contrast, in cartilage tissue the level of MMP-3 was found to be elevated ninefold in B. burgdorferi-infected mice compared with uninfected mice. The level of MMP-19 was also found to be significantly elevated in infected mouse cartilage (6.3-fold; P ϭ 0.00156) (Fig. 3) . The level of no other MMP was found to be significantly elevated (data not shown). Localization of MMP-3 expression in the joints of B. burgdorferi-infected mice. We also confirmed the expression of MMP-3 in B. burgdorferi-infected mouse joints by immunohistochemistry (Fig. 4) . There was patchy staining for MMP-3 in infected animals around chondrocyte cells located near the surface of the articular cartilage. No staining for MMP-3 was seen around tendons, ligaments, or bone or in the inflamed synovium. The patterns of MMP-3 staining in infected and uninfected mice were clearly distinguishable, and no areas of increased deposition of stain were seen in uninfected mouse joints.
Comparison of MMP expression following B. burgdorferi infection in different strains of mice. We were also interested in examining whether differences in the severity of arthritis seen in different mouse strains could be related to the level of MMP induction. We compared MMP expression in three very well characterized strains of mice, C3H/HeN, BALB/c, and C57BL/6. The severity of arthritis with B. burgdorferi infection was greatest in the C3H/HeN mice. Both BALB/c and C57BL/6 mice were more resistant to the development of arthritis and developed only mild to moderate amounts of arthritis.
Again, all mice were infected with B. burgdorferi by needle injection at an age of Ͻ1 week. The infections were again allowed to progress for 2 weeks before animals were sacrificed and tissues were harvested. None of the B. burgdorferi-infected BALB/c mice showed any grossly observable swelling of any joint when they were compared to sham-infected mice. Cartilage from joints from infected BALB/c mice did not show increases in the level of any MMP or TIMP, including MMP-3 and MMP-19, compared with controls as determined by both gene array analysis (data not shown) and real-time RT-PCR (Fig. 5) . In contrast, in C57BL/6 mice there was noticeable swelling of the rear ankle joints, although the swelling was less than that in C3H/HeN mice. The level of MMP-3 in the joints of infected C57BL/6 mice trended toward an increase compared with controls, although the difference was not significant (P ϭ 0.059). However, the increases in MMP-3 transcription in the joints of infected C3H/HeN were significantly greater than those in C57BL/6 mice (P ϭ 0.0014). The level of MMP-19 was increased in B. burgdorferi-infected C57BL/6 mice (sixfold increase; P ϭ 0.000165), which is similar to what was seen in C3H/HeN mice (Fig. 5) . The levels of MMP-19 were not significantly different in C3H/HeN and C57BL/6 mice. Again, the levels of no other MMPs or TIMPs were found to be elevated in the joints of infected C57BL/6 mice.
DISCUSSION
MMPs have been shown to play a role in cartilage degradation and breakdown in various types of arthritis (1, 26, 33, 34, 43, 44) . In this study, we sought to develop a comprehensive picture of MMP induction by B. burgdorferi. Based on previous reports showing that there was good correlation of in vitro chondrocyte models with human samples, we applied gene array technology to an in vitro chondrocyte model of Lyme arthritis in order to focus our studies. Our results show that compared with other causes of arthritis (1, 26, 33, 34, 43, 44) , B. burgdorferi appears to induce only a very limited number of MMPs (MMP-1, -3, -13, and -19 ). MMP-10 and TIMP-1 transcripts were induced by incubation with B. burgdorferi, but there were only slight increases in actual protein expression. The lack of TIMP induction is important because in pathological situations, increases in MMP levels are typically out of proportion to increases in TIMP levels (3, 31, 49 ); this appears to be the case with exposure to B. burgdorferi, where the levels of MMP-1 and MMP-3 transcripts are elevated 30-to 107-fold, whereas TIMP-1 expression is increased only 2.9-fold.
Other cell types have also been reported to produce MMPs in response to incubation with B. burgdorferi. Human peripheral blood monocytes, neutrophils, and human keratinocyte cells incubated with B. burgdorferi have been shown to produce pro-MMP-9, which has been postulated to play a role in the dissemination of the organism through skin and blood vessels (19) . In our studies performed with primary human fibroblasts and human pulmonary artery cells, we did not find induction of any MMPs following B. burgdorferi incubation. This suggests that the induction of MMPs by B. burgdorferi is cell specific. Fibroblasts and pulmonary artery cells contain the machinery to produce at least some MMPs (MMP-1, -2, and -19 and TIMP-1, etc.) (18, 21) ; the lack of induction in the presence of B. burgdorferi suggests either that these cells may lack a specific receptor for recognizing B. burgdorferi or that other critical elements in B. burgdorferi-related induction pathways of MMPs are absent. Cell-specific induction of MMPs may help to explain why pathological inflammation and degradation are seen in certain tissues but not in others despite the fact that B. burgdorferi is typically widely disseminated and can be recovered from multiple sites.
We used the results of our in vitro studies to guide our studies of synovial fluid from patients with Lyme arthritis. We compared the levels of MMP-10, -13, and -19 and TIMP-1 in synovial fluids from patients with untreated Lyme arthritis and patients with persistent Lyme arthritis. In patients with untreated Lyme arthritis, the mechanism of arthritis is clearly due to the presence of the organism. The cause of persistent Lyme arthritis is less clear. Four basic hypotheses have been proposed: persistent infection, retained spirochetal antigens, infection-induced autoimmunity resulting from T-cell epitope autoimmunity, and nonspecific bystander activation (41) . Regardless of the mechanism, the most important point for our studies is that these patients clearly have lower (if any) bacte- rial burdens in the joint. The levels of MMP-1 and MMP-3 have previously been shown to be elevated in untreated patient synovial fluids, whereas the levels of MMP-8 and MMP-9 were elevated in patients with persistent disease (27) . Consistent with the ELISA data in our time course studies of expression, no differences in MMP-10 or TIMP-1 were seen for the different groups of patients. The level of MMP-19 was found to be increased in the synovial fluid of patients with untreated Lyme arthritis, as would be predicted by our in vitro studies. We next sought to use our data to better understand the similarities and differences between human and murine Lyme arthritis. Mice are a well-established model for Lyme arthritis. Differences in the development of Lyme arthritis in different strains of mice have been extensively studied at the level of the host immune response to B. burgdorferi (6-9, 12, 36, 37, 47, 48) . There appear to be at least two separate mechanisms controlling the development of arthritis in the different strains of mice. In BALB/c mice, the severity of arthritis appears to be related to spirochete burden. C57BL/6 mice appear to have a mechanism for resistance to Lyme arthritis, which is independent of spirochete burden. Immunocompetent mice with both BALB/c and C57BL/6 backgrounds typically develop milder arthritis than C3H /HeN mice (12, 14, 24, 35-37, 45, 47, 50 ).
The expression of MMPs and other end effector molecules in cartilage degradation in murine Lyme arthritis has not been reported previously. We found that MMP-3 expression closely paralleled the severity of arthritis in the three strains of mice. Similar to humans with Lyme arthritis, C3H/HeN mice showed clear increases in the MMP-3 levels in the joints. C57BL/6 mice showed lower, nonsignificant increases in the levels of MMP-3, and BALB/c mice, which did not develop clinical arthritis, showed no increases in the levels of MMP-3. Also, C3H/HeN and C57BL/6 mice showed significant increases in the levels of MMP-19, while BALB/c mice did not. Both MMP-3 and MMP-19 are active in cleaving multiple components of the extracellular matrix (16, 42) . In addition, MMP-3 can activate other MMPs and is thought to play a critical role in the development of human rheumatoid arthritis. The patchy localization of MMP-3 induction and the restriction to chondrocytes near the articular surface of cartilage are consistent with the hypothesis that direct contact with the organism is responsible for MMP-3 induction. The lack of MMP-3 induction from tissue other than chondrocytes in our immunohistochemical studies confirmed our RT-PCR studies with mouse joint tissue and previously reported in vitro studies (27) which showed that only chondrocytes in the joint respond to B. burgdorferi infection with MMP-3 induction.
While murine Lyme arthritis has many similarities to human Lyme arthritis, there are some notable differences. First, murine Lyme arthritis typically develops within the first 2 to 4 weeks of infection and resolves over an 8-to 12-week period after infection, although B. burgdorferi remains present long after this period in the absence of treatment (9, 11) . In contrast, human Lyme arthritis generally develops later in the course of disease and can persist or recur intermittently for years in the absence of therapy (41) . Certain inbred strains of mice have been reported to develop late recurrence of arthritis in the first year after infection, but the recurrence is usually much milder than the original arthritis. Additionally, humans may develop an antibiotic treatment-resistant arthritis after antibiotic therapy, which has not been reported in mice. Arthritis-susceptible mice (i.e., C3H/HeN mice) develop predominantly tenosynovitis and tendonitis and have few long-term sequelae once the arthritis has resolved. Humans also develop prominent synovitis, but they can also develop true articular arthritis with permanent cartilage degradation and erosions. It is tempting to speculate that differences in MMP expression may account for some of the differences in the course of arthritis. The level of MMP-1, an enzyme that is closely associated with the progression of rheumatoid arthritis, was found to be elevated in humans with Lyme arthritis and in in vitro models of Lyme arthritis. MMP-13, another collagenase, was also induced from human chondrocytes infected with B. burgdorferi, but the level was not increased in joints of mice infected with B. burgdorferi. While stromelysins (such as MMP-3), gelatinases, and other MMPs can degrade multiple components of the cartilage extracellular matrix (29) , the components targeted by these enzymes are typically quickly regenerated. Irreparable cartilage damage occurs only with the degradation of the interstitial collagens in the cartilage matrix. Collagenases, such as MMP-1 and MMP-13, are thought to play the major role in degradation of the interstitial collagens, and the absence of these enzymes in the joints of B. burgdorferi-in- fected mice may explain some of the differences between murine and human Lyme arthritis.
In summary, we found that MMP induction in response to B. burgdorferi is very specific and is limited to only certain tissue types and to a very limited subset of MMPs. The expression patterns of MMPs in mouse joints and in human joints appear to be similar, with the exception of the collagenases MMP-1 and MMP-13. Future studies with genetically altered mice expressing human MMP-1 may provide further insight which confirms the role of MMP-1 in the phenotypic differences between human and murine Lyme arthritis.
